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© A film forming apparatus comprises of a micro- 
wave generating device (10) and a processing cham- 
ber (2). The processing chamber (2) has a substrate 
(1) therein, holds the pressure of atmosphere gas 
therein at a predetermined value, and generates 
plasma while introducing the microwave generated 
by the microwave generating device (10) for forming 
a film on the substrate (1). The microwave is intro- 
duced in the processing chamber (2) through a 
dielectric member (6) disposed in the processing 
chamber. Further a shielding member (3) is dis- 
posed in the processing chamber (2) so as to be 
opposite to the dielectric member (6) for preventing 
the attachment of film forming material to the dielec- 
tric member (6). 
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FILM FORMING APPARATUS 



BACKGROUND OF THE INVENTION 

The present invention relates to a plasma pro- 
cessing apparatus using microwave, and in particu- 
lar to a plasma processing apparatus using micro- 
wave suitable for feeding stably plasma with micro- 
. wave electric power. 

The density of current flowing through wiring 
increases with progressing finess and increasing 
density of LSIs, which is a neck against realization 
of LSIs of next generation. For this reason research 
for forming a wiring film of high quality is in 
progress and the bias sputtering method is one of 
the methods useful for forming high quality films. 
The bias sputtering method is one for forming a 
film while irradiating a substrate, on which the film 
is to be formed (hereinbelow called simply sub- 
strate) with ions, by which it is possible to control 
the crystallinity of the film by irradiation with ions 
and to improve the coverage of steps by the film. 
However, by an actual sputtering apparatus, since 
the generation of the plasma and the sputtering of 
a target are effected simultaneously only by DC or . 
high frequency electric power, it is difficult to con- 
trol the amount of ions projected to the substrate, 
contrarily to the fact that the energy thereof can be 
easily controlled by giving the substrate a bias 
voltage. Therefore a sputtering film forming appara- 
tus using microwave as a second energy source 
has been developed. 

When microwave is' used, it is possible to 
generate a high density plasma in a high vacuum 
region and to control the quantity of ions by vary- 
ing the microwave electric power, independently c 
the DC or high frequency applied to the target. Fc; 
this reason attention is paid thereto. 

Heretofore an example, in which microwave is 
used for forming a conductive film, is proposed e.g. 
in JP-A-59-47728 (related to USP 4.492,620). 

The prior art technique described above has a 
problem that film forming processing cannot be 
performed for a long time, because metallic ma- 
terial, with which the film is to be formed, is at- 
tached to the surface of the part made of dielectric 
material for introducing microwave (hereinbelow 
called window material), which hinder the transmis- 
sion of the microwave. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an apparatus for forming a conductive film, by 
which it is possible to prevent for metallic material 
to be attached to the surface of the part made of 



dielectric material for introducing microwave and to 
perform a stable film forming processing by giving 
stably plasma microwave electric power. 

Another object of the present invention is to 
5 realize a film forming apparatus capable of forming 
a conductive film of high quality. 

In order to achieve the above objects, in the 
film forming apparatus using microwave according 
to the present invention, there is disposed a shield- 
to ing member for preventing for the film forming 
material to be attached to the surface of the win- 
dow material without hindering the transmission of 
the microwave into the processing chamber on the 
processing chamber side of the window material 
75 (hereinbelow called window material surface) for 
holding a predetermined pressure within the pro- 
cessing chamber while introducing the microwave 
into the processing chamoer. 

The shielding member stated above consists of 
20 a plurality of plates, in order not to hinder the 
transmission of the microwave into the processing 
chamber, which are disposed approximately per- 
pendicularly to the electric field of the microwave 
before the mounting of the shielding member and 
25 made of either metal or dielectric substance. 

Further, in order to shield the window material 
surface against film forming particles projected 
straight in an arbitrary direction thereto, the shield- 
ing member stated above consists of a plurality of 
ao plates made of either metal or dielectric substance, 
whose extremity portion is inclined at a predeter- 
mined angle with respect to the electric field of the 
microwave before .the mounting of the shielding 
member. 

35 Still further, in order to increase further the 

shielding effect of the window material surface, the 
shielding member stated above is composed of 
metal plates provided with a slot antenna. 

For a usual film forming apparatus using CVD. 

to sputtering, etc. a pressure of several tenth Pa to 
several Pa is held in the processing chamber, in 
which the film forming processing is effected. In 
this pressure region the mean free path of gas 
molecules is about several mm to several cm. For 

45 this reason mean free oath of film for- -g 
particles has . same order of magnitude an ■ :n 
order to prevent for the film :orming material to be 
attached to the window material surface, it is suffi- 
cient that the window material surface is shielded 

so so that particies moving straight over several mm 
cannot reac 1 - Erectly the window material surface. 

Howeve usually, when a shielding member is 
disposed in front of the window material, micro- 
wave is reflected by this member and therefore it is 
not possible to feed the interior of the processing 
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chamber with microwave electric power with a high 
efficiency. For this reason, in order to reduce the 
reflection of the microwave, it is necessary to con- 
trive the shape and the arrangement of the shield- 
ing member. 

In general, the electric field is perpendicular to 
a metallic surface. Therefore, if a sufficiently thin 
metat plate is inserted in electromagnetic fiefd of 
the microwave perpendicularly to the electric field 
of the microwave, no influences are given to the 
distribution of the original electric field. Utilizing this 
property, by disposing a metal plate on the pro- 
cessing chamber side of the window material ap- 
proximately perpendicularly to the electric field of 
the microwave so as to shield the window material 
surface, it is possible to prevent the attachment of 
the film forming material to the window material 
surface without hindering the transmission of the 
processing chamber into the processing chamber. 
This member for the shielding may be made not of 
metal, but of dielectric substance. However, since 
the conductive film forming material is attached to 
the surface of the dielectric shielding member, it 
should be located perpendicularly to the electric 
field of the microwave, similarly to the case of the 
metallic shielding member. 

Usually the density of the plasma produced by 
microwave is highest at the face of the microwave 
introducing window in contact with the processing 
chamber. If plasma is produced within the shielding 
member located on the processing chamber side 
of the microwave introducing window or between 
the shielding member and the microwave introduc- 
ing window, microwave is absorbed by this plasma 
and thus electric power transmitted into the pro- 
cessing chamber is reduced. For this reason, it is 
desirable that the apparatus is so constructed that 
no plasma is produced within the shielding mem- 
ber and between the shielding member and the 
microwave nitroducing window. The mechanism, by 
which the plasma is produced by the microwave, is 
thought roughly as follows. Molecules of the at- 
mosphere gas are ionized with a certain probability, 
although they are of extremely small quantity, and 
produced electrons are accelerated by the electric 
field of the microwave. Electrons accelerated with 
an energy higher than the ionization energy of 
atmosphere gas molecules collide with the atmo- 
sphere gas molecules to ionize them. The plasma 
is generated, when this process occurs in a chain 
reaction. Consequently, in order to suppress the 
generation of the. plasma, It is efficient that elec- 
trons ar& not accelerated so strongly. For this rea- 
son the generation of the plasma can be sup- 
pressed, if adjacent plates disposed perpendicu- 
larly to the electric field as well as the microwave 
introducing window and the shielding member are 
brought close to each other so that the distance, 



over which electrons are acceieratec. is sufficiently 
small. 

Next, the case where the metal plates are 
inclined at a predetermined angle with respect to 
5 the electric field of the microwave will be ex- 
plained. 

In this case the window material surface can be 
shielded against film forming particles projected 
perpendicularly thereto. 

io Finally an example, in which a slot antenna is 

used, differently from the methods described pre- 
viously, will be explained. As another method for 
reducing the reflection of the microwave by means 
of a shielding member there is known a method, by 

75 which the shielding member is composed of slot 
plates provided with a slot antenna. A slot antenna 
is a conductive flat plate, in which narrow slots are 
formed so that the microwave is reflected by these 
slots. Superficial current flowing on the conductive 

20 flat plate is obstracted by these slots, which gives 
rise to electric charge around the slots. This elec- 
tric charge serves as a source, which emits micro- 
wave in the space. For this reason, the slots can 
emit microwave with a high efficiency towards the 

25 processing chamber side, when the slots are 
formed perpendicularly to the superficial current, 
flowing due to the microwave and thus it is possi- 
ble to reduce the reflection of the microwave. Since 
the superficial current flows in the direction per- 

30 pendicular to the magnetic field of the microwave, 
by knowing the electromagnetic field distribution of 
the mechanism used for the excitation of the slot 
antenna, it is possible to determine the shape and 
the arrangement of the slots having a high effi- 

35 ciency. The slot antenna can be excited by using a 
cavity resonator or a wave guide. The electromag- 
netic field within a cavity resonator or a waveguide 
can be theoretically easily obtained, in the case 
where the form thereof is geometrically simple 

40 such as a cylinder, a rectangular parallele piped. 
By using a cavity resonator, an effect is obtained 
also that electric power reflected by the end sur- 
face of the plasma is stored in the resonator, which 
is injected again in the plasma, in order to intend 

45 efficient utilization of microwave electric power. An 
example, in which a cavity resonator and a slot 
antenna are used for the plasma processing ap- 
paratus using microwave, is disclosed in JP-A-63- 
103088. 

so It is possible to prevent the attachment of film 
forming particles to the window material surface 
under slot plates by disposing more than two slot 
plates on the processing chamber side of the win- * 
dow material so that the slots are not superposed 

55 on each other. 

According to the present invention it is possible 
to prevent the attachment of the film forming ma- 
terial to the surface of the dielectric part (window 
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material) indispensable for introducing microwave 
into the processing chamber. According to the 
present invention it is possible to introduce stably 
microwave into the processing chamber over a 
long time. 5 

By using a film forming apparatus according to 
the present invention it is possible to generate 
stably a high density plasma in a pressure region 
from 10"' Pa to 10" 2 Pa over a long time by 
microwave by introducing atmosphere gas in the io 
processing chamber after having evacuated it to a 
high degree vacuum and to form conductive films 
of high quality. That is, since the films are formed 
in a low pressure atmosphere gas, the mean free 
path of molecules in the atmosphere gas is long, 75 
which increases straight mobility of the film forming 
particles and improves the step coverage by the 
film at the bottom portion* of a step, etc. Further, 
since the films are formed by using a high density 
plasma, it is possible to feed a target with a suffi- 20 
cient electric power even at a low voltage. The 
energy of recoil gas molecules can be decreased 
by lowering the voltage applied to the target and it 
is possible to form dense films having a slight 
absorption of atmosphere gas molecules. Here the 25 
recoil gas molecules mean molecules neutralized 
and reflected by the target, when ions in the plas- 
ma collide with the target. 

As explained above, by using the film forming 
apparatus according to the present invention it is 30 
possible to form conductive films of high quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 

35 

Fig. 1 is a side and partly cross-sectional view 
of a sputtering apparatus, which is a first em- 
bodiment of the present invention; 
Fig. 2 is an enlarged side and partly cross- 
sectional view of the shielding member indicated ao 
. in Fig. 1; 

Fig. 3 is an enlarged top view of the shielding 
member; 

Fig. 4 is a side and partly cross-sectional view 

of a shielding member, which is another em- 45 

bodiment of the present invention; 

Fig. 5 is a top view of the shielding member 

indicated in Fig. 4; 

Fig. 6 is a side and partly cross-sectional view 
of a sputtering apparatus, which is a second so 
embodiment of the present invention; 
Fig. 7 is an enlarged side and partly cross- 
sectional view of the shielding member indicated 
in Fig. 6; 

Fig. 8 is an enlarged to view of the shielding 55 
member indicated in Fig. 6; and 
Fig. 9 indicates the electric field distribution of 
TEi 1 mode in a cylindrical waveguide. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Hereinbelow Fig. 1 showing a bias sputtering 
apparatus used for forming a conductive film, 
which is a first embodiment of tne present inven- 
tion, will be explained. 

As indicated in Fig. 1, the pressure in a pro- 
cessing chamber 2 including a substrate 1 therein 
is held at a predetermined value by t pumping 
system and a processing gas introducing system 
not indicated in the figure. On the rear side of a 
target 4 there is disposed an electromagnet 12 and 
the static magnetic field produced by this elec- 
tromagnet encloses plasma generatec by electric 
power of a sputtering power source 5 on the sur- 
face of the target 4. Ions in the plasma are acceler- 
ated by a high voltage of the sputtering power 
source 5 and collide with the target 4 to sputter 
target material. In this way a film is formed on the 
substrate 1. At the film formation a biasing power 
source 17 pulls-in ions in the plasma on the sub- 
strate 1 to intend to improve the quality of the film. 
For LSI wiring material aluminium is often used as 
the target material. In the present invention, as the 
waveguide mode in a cylindrical waveguide TM 3] 
mode or TEi t mode is used. Hereinbelow, in the 
first embodiment, explanation will be maae, sup- 
posing that TM01 mode is used. 

The microwave is transmitted from a micro- " 
wave generating source 10 through an isolator 9. a 
matching device 11 and a rectangular waveguide 8. 
and converted into TM 0 i mode for a circular 
waveguide 13 by a mode converter 7. The circular 
waveguide 13 introduces microwave into the pro- 
cessing chamber 2 while keeping the pressure in 
the processing chamber at a predetermined value 
suitable for the processing by means of a member 
(window material 6) made of dielectric substance 
(quartz, etc.) having a small loss for the microwave. 
The window material 6 is provided with a member 
(shielding member 3)near to the window material 6 
on the processing chamber side for shielding the 
surface thereof so that no Jilm forming material is 
attached to the surface thereof. In this way, since 
no film forming material is attached to the surface 
of the window material 6. it is possible to feed 
stably the plasma with microwave electric power. 
By means of the supolied microwave electric pow- 
er and the biasing power source, it is possible to 
control the quantity and the energy of ions projec- 
ted to the substrate. Since the crystallinity of the 
film can be controlled by giving the film energy by 
the irradiation with ions during the formation of the 
film, it is possible to intend a further improvement 
of the quality of the film. 

Figs. 2 and 3 show the neighborhood of the 
shielding member 3 in detail. Fig. 2 is an enlarged 



7 



EP 0 421 348 A1 



6 



scheme showing the part A in Fig. 1 and Fig. 3 is a 
scheme of the part A in Fig. 1 viewed in the 
direction indicated by B, Fig. 2 indicating the cross 
section along a INI line in Fig. 3. At TM 0 i mode in 
the circular waveguide the electric .field of the mi- 
crowave is directed from the center radially to- 
wards the wall surface of the waveguide and the 
magnetic field is coaxial. In order to hold the elec- 
tromagnetic field of TMoi mode, the shielding 
member 3 is cylindric and consists of metal plates 
3a disposed coaxially so as to be approximately 
perpendicular to the electric field and a supporting 
plate 3b supporting the metal plate 3a, in which 
plate 4 holes 3b' are formed. The extremity portion 
of the metal plates 3a is made narrower in a 
conical shape in order to shield the window ma- 
terial surface against film forming particles projec- 
ted straight in an arbitrary direction. 

Consequently the metal plates 3a shields the 
surface of the window material 6 against film for- 
ming particles from the target 4, most of which are 
projected obliquely with respect to the surface of 
the window material 6, to prevent the attachment of 
the film forming particles thereto. The interval be- 
tween adjacent metal ptates 3a is 1 to 3 mm so' 
that no plasma is produced therebetween. The 
interval described above is most preferably about 2 
mm. Further the interval between the shielding 
member 3 and the surface of the window member 
6 is also 1 to 3 mm in order to prevent the 
production of the plasma therebetween. This inter- 
val is also most preferabiy^about 2 mm. 

In the case where the shielding member 3 
undergoes sputtering, it is preferable that the 
shielding member 3 is made of the same material 
as the target 4 for the purpose of avoiding mixing 
of impurities in the film. However, in the case 
where the degree of the sputtering, which the 
shielding member 3 undergoes, is low, since the 
shielding member 3 is covered by the film forming 
material, it may be made not of metal, but of 
dielectric substance. In this case, similarly to the 
shielding member made of metal, it is necessary to 
dispose dielectric plates so that the surface thereof 
is perpendicular to the electric field of the micro- 
wave. Further, in order to prevent as far as possible 
that the shielding member 3 is sputtered, it is 
desirable that the shielding member 3 is at the 
ground potential or a floating potential. 

Next Fig. 6 showing a second embodiment of 
the present invention will be explained. 

The .second embodiment Indicated in Fig. 6 
has the same construction as the first embodiment 
indicated in Fig. 1 described previously apart from 
the mode of the microwave and the shielding mem- 
ber. Fig. 6 will be explained for the case where 
TEi i mode is used as the waveguide mode of the 
microwave. 



As indicated in Fig. 6. tne microwave is trans- 
mitted from a microwave generating source 10 
through an isolator 9. a matching oevice 11 and a 
rectangular waveguide tube 8 and converteo into 

5 TEn mode for a circular waveguide by a mode 
converter 14. The circular waveguide 13 introouces 
microwave into the processing chamber while 
keeping the pressure in the processing cnamber at 
a predetermined value suitable for the processing 

io by means of a member (window material 6) made 
of a dielectric substance (quartz, etc.) having a 
small toss for the microwave. The window material 
6 is provided with a member (shielding member 
15) in contact with the window material 6 on the 

T5 processing chamber side for shielding the surface 
thereof so that no film forming materia! is attached 
to the surface thereof. 

Figs. 7 and 8 show the neighborhood of the 
shielding member 15 in detail Fig. 7 is an enlarged 

20 scheme showing the part C in Fig. 6 and Fig. 8 is a 
scheme of the part C in Fig. 6 vieweo in the 
direction indicated by D. 

As indicated in Figs. 7 and 8, the shielding 
member 15 comprises a supporting member 15b, 

25 in which 2 half-moon-shaped holes 15b opposite 
to each other are formed, and metal plates 15a 
secured to the supporting member 15b. which are 
arc-shaped and so constructed that the extremity 
portion thereof is inclined at a predetermined angle 

30 with respect to the electric field before the mount- 
ing of the shielding member. 

With respect thereto the electric field of the 
microwave of TEi i mode in the circular waveguide 
13 is distributed as indicated by broken lines in 

35 Fig. 9. 

For this reason the electric field distribution 
doesn't vary, when tfie metal plates 15a are located 
so as to be perpendicular to the electric field 
distribution. Consequently it is possible to suppress 

40 the reflection of the microwave by the shielding 
member 15 to a low level. Further, since the ex- 
tremity portion of the metal plates 15a ot the 
shielding member 15 is bent inward, it is possible 
to hinder also film forming particles projected 

45 straight in an arbitrary direction to the window 
member 6. In order to prevent the generation of the 
plasma between adjacent metal plates 15a as well 
as the shielding member 15 and the window mem- 
ber 6, the interval between adjacent metal plates 

so 15a as well as the interval between the shielding 
member 15 and the window member 6 are 1 to 3 
mm. Particularly the intervals are most preferably 
about 2 mm. 

In the case where the shielding member 15 

55 undergoes sputtering, it is preferable that the 
shielding member 1 5 is made of the same material 
as the target 4 for the purpose of avoiding mixing 
of impurities in the film. However, in the case 
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where the degree of the sputtering, which the 
shielding member 15 undergoes, is low, since the 
shielding member 15 is covered by the film for- 
ming material, it may not be made of metal, but of 
dielectric substance. In this case, similarly to the s 
shielding member made of metal, it is necessary to 
dispose dielectric plates so that the surface thereof 
is perpendicular to the electric field of the micro- 
wave. Further, in order to prevent as far as possible 
that the shielding member 15 is sputtered, it is io 
• desirable that the shielding member 15 is at the 
ground potential or a floating potential. 

Next a third embodiment of the present inven- 
tion will be explained. Although the third embodi- 
ment is not shown in the drawings, the construction 75 
and the operation of the whole apparatus are simi- 
lar to those explained, referring to Fig. 2, and what 
differs therefrom is that slot plates indicated in 
Figs. 4 and 5 are used for the shielding member 3 
and that the space between the shielding member 20 
3 and the mode converter 7 has such a size that 
microwave is enclosed therein and it acts as a 
cavity resonator. That is, the mode converter 7 and 
the circular waveguide 13 constitute a reentrant 
cylindrical cavity resonator and the slot antenna is 25 
excited thereby. 

Figs. 4 and 5 correspond to Figs. 2 and 3. 
respectively. In the TM 0 i mode in the cylindrical 
waveguide, since the electromagnetic field has the 
electric field in the radial direction and the mag- 30 
netic field in the peripheral direction, slots 3d are 
formed coaxially. The window materia! 6 is shield- 
ed by using three slot pfates 3c having these slots 
3d. The position and the numbers of the slots 3d 
on each of the slot plates 3d are arbitrary, if they 35 
are located in such a direction that they hinder 
superficial current determined by the used mode of 
the microwave. Further the shielding effect for the 
window material 6 can be improved by increasing 
the number and the thickness of the slot plates 3c. <o 

Although, in the above, a sputtering apparatus 
has been described, the present invention can be 
applied also to a CVD apparatus using rnicrowave 
for forming metal films. In particular, in a biased 
CVD apparatus, etc., since metallic material sput- 45 
tered from the covered substrate by the biasing 
voltage is attached to the dielectric substance lo- 
cated at the entrance, through which microwave is 
introduced, the oresent invention is useful therefor. 
The present invention is useful also for a CVD 50 
apparatus, in which metal particles are separated 
out in the gaseous phase, because it can be pre- 
vented for the metal particles to be attached to the 
dielectric substance located at the entrance, 
through which microwave is introduced. 55 

According to the present invention it is possible 
to prevent the attachment of the film forming ma- 
terial to the surface of the dielectric member 



(window material) indispensable for tntroaucing mi- 
crowave into the processing chamber. In this way it 
is possible to use microwave for forming a conduc- 
tive film, which was difficult heretofore, and to 
intend to improve the quality of the film thus 
formed. 



Claims 

1. A film forming apparatus comprising: 

a microwave generating device (10) for generating 

microwave; 

a processing chamber (2) having a substrate (1) 
therein, holding the pressure of atmosphere gas 
therein at a predetermined value, and generating 
plasma while introducing the microwave generated 
by said microwave generating device for forming a 
film on said substrate (1); 

a dielectric member (6) disposed on the pari of 
said processing chamber (2). through which said 
microwave is introduced, for holding the pressure 
at said predetermined value and at the same time 
for introducing the microwave generated into said 
processing chamber (2); and 
a shielding member (3. 15) located in said process- 
ing chamber (2) so as to be opposite to said 
dielectric member (6) for preventing for film for- 
ming material existing in said plasma to be at- 
tached to said dielectric member (6) without hin- 
dering the transmission of said microwave to said 
processing chamber (2). 

2. A film forming apparatus according to Claim 1, 
wherein said shielding member (3, 15) is con- 
structed so as not to disturb the distribution of the 
microwave before the mounting of said shielding 
member. 

3. A film forming apparatus according to Claim 1, 
wherein said shielding member (15) consists of 
plates (3a) made of either metal or dielectric sub- 
stance and disposed with an interval so as to be 
approximately perpendicular to the electric field of 
the microwave before the mounting of said shield- 
ing member. _ 

4. A film forming apparatus according to Claim 1, 
wherein said shielding member (15) consists of 
comoinations disposed with an interval of plates 
mace of either metal or dielectric substance and 
discosed so as to be inclined with a predetermined 
ang-e with respect to the electric field of the micro- 
wave before the mounting of said shielding mem- 
ber and plates made of either metal or dielectric 
substance and disposed so as to be approximately 
perpendicular to the electric field of the microwave 
before the mounting of said shielding member. 

5. A film forming apparatus according to Claim 1. 
wherein said shielding member (15) consists of slot 
plates (3c) provided with a slot antenna. 
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6. A film forming apoaratus according to Claim i. 
wherein said shielding member (15) consists of slot 
plates (3c) provided with a slot antenna and there 
is disposed a cavity resonator between said slot 
plates (3c) and said microwave generating device s 
(10). 

7. A film forming apparatus comprising: 

a microwave generating device (10) for generating 
microwave; * 

a processing chamber (2), in which plasma is gen- to 
erated by using said microwave to form a conduc- 
tive film; 

a dielectric member (6) for introducing said micro- 
wave and holding the pressure in said processing 
chamber at a predetermined value; and is 
a shielding member (15) located on the processing 
chamber side of said dielectric member (6) for 
preventing the attachment of film forming material 
to said dielectric member without hindering the 
transmission of said microwave into said process- 20 
ing chamber. 
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